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(54) ELECTRIC POWER STEERING DEVICE 

(57)Abstract: 

PURPOSE: To prevent the rapid increase of the necessary 
steering force and the rapid change of the steerability of a 
vehicle even when abnormalities are generated in a power 
steering device and the power assist is stopped. 
CONSTITUTION: An electric power steering device controls a 
motor M1 by a control device according to the steering 
condition to be detected by a steering condition detecting 
device M2. The control device is provided with a motor driving 
order value operating circuit M4, a driving circuit M5, a voltage 
gradually dropping circuit M6, an abnormality detecting device 
M7 f and a switching device M8. In the normal operation, the 
command value operating circuit, the driving circuit and the 
voltage gradually dropping circuit are connected to each other 
to prevent the gradual drop of the voltage of the voltage 
gradually dropping circuit. On the other hand, when 
abnormalities are generated, the command value operating 
circuit, the driving circuit and the voltage gradually dropping 
circuits are disconnected, and the driving circuit and the 
voltage gradually dropping circuit are connected to each other, 

and the voltage gradually dropping circuit gradually drops the voltage to the driving circuit. 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The motor which generates the steering assistant force, and a steering condition detection means 
to detect the steering condition of a vehicle, It is made the electromotive power-steering equipment which 
has the control means which controls the steering assistant force by controlling said motor according to the 
detected steering condition. Said control means A motorised command value arithmetic circuit, a motorised 
circuit, and an electrical-potential-difference gradual decrease circuit, a malfunction detection means to 
detect the abnormalities in said power-steering equipment, and said command value arithmetic circuit and 
said drive circuit, and said electrical -potential-difference gradual decrease circuit — connecting — ** — with 
the first change-over condition which prevents electrical-potential-difference gradual decrease of said 
electrical-potential-difference gradual decrease circuit It has the means for switching which switches to the 
second change-over condition which connects said drive circuit and said electrical-potential-difference 
gradual decrease circuit, and allows electrical -potential-difference gradual decrease of said electrical- 
potential-difference gradual decrease circuit, said command value arithmetic circuit and said drive circuit, 
and said electrical-potential-difference gradual decrease circuit - intercepting --**-- Said means for 
switching is electromotive power-steering equipment characterized by being constituted so that it may 
switch to said second change-over condition, when said first change-over condition is usually sometimes 
maintained and abnormalities are detected by said malfunction detection means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the power-steering equipment of vehicles, such as an 

automobile, and relates to a detail further at electromotive power-steering equipment. 

[0002] 

[Description of the Prior Art] Generally the electromotive power-steering equipment of vehicles, such as an 
automobile, has the motor which generates the steering assistant force, a steering condition detection means 
to detect the steering condition of a vehicle, and the control unit which controls the steering assistant force 
by controlling a motor according to the detected steering condition conventionally. 

[0003] If control by the analog circuit will continue if it has the microcomputer circuit where a control unit 
performs auxiliary steering control in a software processing mode, and the analog circuit which performs 
auxiliary steering control in a hard processing mode and abnormalities arise in control by the microcomputer 
circuit and abnormalities generate to power-steering equipment as one of the electromotive power-steering 
equipment of these as indicated by JP,62-286874,A, the electromotive power- steering equipment constituted 
so that auxiliary steering may stop immediately is known conventionally. 

[0004] If abnormalities occur to power-steering equipment, since power assistance will be stopped 
according to the electromotive power-steering equipment like ****, it is prevented certainly that a motor is 
controlled unsuitably and unsuitable power assistance is performed. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the conventional electromotive power- steering 
equipment like ****, since the steering assistant force will decline rapidly if abnormalities occur to power- 
steering equipment during steering, the control force needed for the operator of a vehicle increases rapidly, 
and there is a problem that the steering nature of a vehicle changes rapidly. 

[0006] This invention aims at offering the electromotive power-steering equipment improved so that a 
required control force might increase rapidly and the steering nature of a vehicle might not change rapidly, 
also when abnormalities occur to power-steering equipment and power assistance is stopped in view of the 
problem like **** in conventional electromotive power-steering equipment. 
[0007] 

[Means for Solving the Problem] The motor Ml which generates the steering assistant force as the purpose 
like **** is shown in drawing 1 according to this invention, It is made the electromotive power-steering 
equipment which has a steering condition detection means M2 to detect the steering condition of a vehicle, 
and the control means M3 which controls the steering assistant force by controlling said motor according to 
the detected steering condition. Said control means The motorised command value arithmetic circuit M4 and 
the motorised circuit M5, The electrical-potential-difference gradual decrease circuit M6 and a malfunction 
detection means M7 to detect the abnormalities in said power- steering equipment, said command value 
arithmetic circuit and said drive circuit, and said electrical-potential-difference gradual decrease circuit — 
connecting ~ ** — with the first change-over condition which prevents electrical -potential-difference 
gradual decrease of said electrical-potential-difference gradual decrease circuit It has the means for 
switching M8 which switches to the second change-over condition which connects said drive circuit and 
said electrical-potential-difference gradual decrease circuit, and allows electrical-potential-difference 
gradual decrease of said electrical-potential-difference gradual decrease circuit, said command value 
arithmetic circuit and said drive circuit, and said electrical-potential-difference gradual decrease circuit — 
intercepting --**-- Said means for switching is attained by the electromotive power-steering equipment 
characterized by being constituted so that it may switch to said second change-over condition, when said 
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first change-over condition is usually sometimes maintained and abnormalities are detected by said 

malfunction detection means. 

[0008] 

[Function] According to the configuration like ****, when power-steering equipment is normal A means for 
switching M8 by maintaining the first change-over condition, connecting the command value arithmetic 
circuit M4, the drive circuit M5, and the electrical-potential-difference gradual decrease circuit M6, and 
preventing electrical -potential-difference gradual decrease of a****** gradual decrease circuit The drive 
current according to the command value from a command value arithmetic circuit is supplied to a motor Ml 
from a drive circuit, and, thereby, the steering assistant force is controlled according to a steering condition. 
[0009] On the other hand, by the abnormality's being detected by the malfunction detection means M7 if 
abnormalities occur in power-steering equipment, and switching a means for switching M8 to the second 
change-over condition, a command value arithmetic circuit, a drive circuit, and an electrical-potential- 
difference gradual decrease circuit are intercepted, a ****** circuit and an electrical -potential-difference 
gradual decrease circuit are connected, electrical-potential-difference gradual decrease of an electrical- 
potential-difference gradual decrease circuit is permitted, and, thereby, the command value electrical 
potential difference to a drive circuit falls gradually. Therefore, it is prevented certainly that the drive 
current supplied to a motor Ml from a drive circuit also falls gradually, the steering assistant force declines 
gradually, a required control force increases rapidly by this, and the steering nature of a vehicle changes 
rapidly. 
[0010] 

[Additional Explanation for Means for Solving the Problem] When it is detected as an approach of 
preventing the abrupt change of the steering assistant force at the time of electromotive power- steering 
equipment being switched to a manual steering system that abnormalities arose in power-steering equipment 
with the malfunction detection means, the method of dwindling the motorised command value calculated by 
the motorised command value arithmetic circuit is also considered. However, in this approach, when 
abnormalities arise in the drive command arithmetic circuit itself, the abrupt change of the steering assistant 
force cannot be avoided. 

[001 1] According to one example of this invention, a malfunction detection means detects the abnormalities 
of a drive command value arithmetic circuit at least, and when abnormalities arise in a command value 
arithmetic circuit, it is constituted so that a means for switching may be switched to the second change-over 
condition. According to this configuration, even if abnormalities arise in the command value arithmetic 
circuit itself, the command electrical potential difference to a drive circuit is gradually reduced by the 
electrical-potential-difference gradual decrease circuit, and when the drive current supplied to a motor from 
a drive circuit by this falls gradually, the steering assistant force is dwindled certainly. 
[0012] 

[Example] This invention is explained to a detail about an example, referring to drawing of attachment in 
the following. 

[0013] The outline block diagram showing the first example of electromotive power-steering equipment 
according [ drawing 2 ] to this invention and drawing 3 are the block diagrams showing the electronic 
control shown in drawing 2 . 

[0014] In drawing 2 , 10 shows the steering wheel and a steering wheel 10 drives the rack bar 16 through a 
steering shaft 12 and the steering gearbox 14. Drive connection of the power unit 20 is made by the gearing 
moderation device 18 at the steering shaft 12. The power unit 20 has the electromagnetic clutch 24 which 
makes drive connection of a motor 22, and the gearing moderation device 1 8 and a motor 22 alternatively. 
[0015] In the example of illustration, the torque sensor 26 which detects the steering torque T is formed in 
the steering shaft 12, and the output of a torque sensor is supplied to an electronic control 28. Moreover, the 
signal which shows the vehicle speed V detected by the speed sensor 30 is also inputted into an electronic 
control 28. 

[0016] As for a microcomputer 32, an electronic control 28 has the central-process unit (CPU) 34, a read- 
only memory (ROM) 36, random access memory (RAM) 38, and input/output port equipment 40 including 
a microcomputer 32, and these are mutually connected by the common bus 42 of bidirection as shown in the 
detail at drawing 3 . The signal which shows the vehicle speed V detected by the signal and speed sensor 30 
in which the steering torque T detected by the torque sensor 26 is shown is inputted into input/output port 
equipment 40. Input/output port equipment 40 processes suitably the signal inputted into it, and outputs the 
signal processed CPU and RAM38 according to the directions of CPU 3 4 based on the control program 
memorized by ROM36. 
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[0017] ROM36 has memorized the map corresponding to the graph shown in the control program shown in 
drawing 4 and drawing 5 , and drawing 6 . CPU34 performs various operations and processing of a signal 
like the after-mentioned based on the control program shown in drawing 4 . Input/output port equipment 40 
outputs a control signal to a motor 22 through D/A converter 44 and the drive circuit 46 according to 
directions of CPU34, and outputs a control signal to an electromagnetic clutch 24 through D/A converter 48 
and the drive circuit 50. 

[0018] Between D/A converter 44 and the drive circuit 46, the integrating circuit 52 as an electrical- 
potential-difference gradual decrease circuit is formed, A flow with an integrating circuit 52, D/A converter 
44, and the drive circuit 46 is controlled by two analog switches 54 and 56. A switch 54 switches to the first 
location which connects the terminal and D/A converter 44 by the side of the resistor of an integrating 
circuit 52, and the second location which grounds the terminal by the side of the resistor of an integrating 
circuit like illustration. Moreover, a switch 56 switches to the second location which connects the first 
location which connects D/A converter 44 and the drive circuit 46, and the terminal and the drive circuit 46 
by the side of the capacitor of an integrating circuit 52 like illustration. 

[0019] The change of two switches 54 and 56 is controlled by the signal from a watchdog timer 58 like 
illustration. It detects whether actuation of CPU34 is normal, and when actuation of CPU is normal, a 
watchdog timer 58 outputs a high signal, maintains switches 54 and 56 in the first location, when actuation 
of CPU is unusual, it outputs a low signal and switches switches 54 and 56 to the second location. 
Moreover, a watchdog timer 58 turns on an alarm lamp 60 through the relay which is not shown in drawing, 
when the output is a low signal, and the alarm which shows that abnormalities arose to the operator of a 
vehicle by this at power-steering equipment is emitted. 

[0020] In this way, when there are two switches 54 and 56 in the first location, a capacitor is charged on the 
electrical potential difference according to the command electrical potential difference to the drive circuit 
46, and the integrating circuit 52 constitutes an electrical-potential-difference gradual decrease means to fall 
an electrical potential difference gradually, by discharging the charge charged by the capacitor through a 
resistor, when there are two switches in the second location. Moreover, two switches 54 and 56 constitute 
the means for switching which switches to the second change-over condition which intercepts a change-over 
condition, and the first microcomputer, 32, drive circuit 46 and integrating circuit 52 which connects the 
microcomputer 32, the drive circuit 46, and integrating circuit 52 as a motorised command value arithmetic 
circuit, and prevents electrical-potential-difference gradual decrease G f **********, connects the ****** 
circuit 46 and an integrating circuit 52, and allows electrical-potential-difference gradual decrease of an 

integrating circuit. . 

[0021] Next, with reference to the flow chart shown in 4, the power assistant control in the tirst example is 

explained. In addition, the control by the electronic control 32 is started when the ignition switch which is 

not shown is closed by drawing 2 . in 
[0022] By outputting a control signal to an electromagnetic clutch 24 through the drive circuit 50 in step 10 
first, a clutch is connected and read in of the signal which shows the vehicle speed V detected by the signal 
and speed sensor 30 in which the steering torque T detected by the torque sensor 26 in step 20 is shown is 
performed. 

[0023] The amount Tab of basic assistance calculates from the map corresponding to the graph shown [ in / 
step 20 ] in drawing 5 based on the read in rare ****** torque T in step 30. It is the vehicle speed multiplier 
Kv from the map corresponding to the graph shown [ in / step 20 ] in drawing 6 based on read in rare 
******Vin step 40. It calculates. The amount Tab of basic assistance calculated in step 30 according to 
following several 1 [ in step 50 ], and vehicle speed multiplier Kv calculated in step 40 It is the amount Ta 
of assistance as a product. It calculates. 

[Equation 1] Ta =Tab-Kv [0024] The amount Ta of assistance calculated [ in / step 60 ] in step 50 By 
outputting a corresponding control signal to a motor 22 through D/A converter 44 and the drive circuit 46, 
the steering assistant force is the amount Ta of assistance. It is controlled by the corresponding value and 
returns to step 20 after an appropriate time. 

[0025] In addition, the power assistant control by the flow chart shown in drawing 4 itself does not make the 
summary of this invention, and power assistant control may be performed in the mode of arbitration, as long 
as the steering assistant force calculates according to steering torque at least. 

[0026] While CPU34 of a microcomputer 32 is operating normally in this way according to the first 
example of illustration, the output of a watchdog timer 58 is a high signal, two switches 54 and 56 are 
maintained in the first location, and D/A converter 44 and the drive circuit 46 are maintained by switch-on. 
And it calculates from the map corresponding to the graph with which the amount Tab of basic assistance 
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was shown in drawing 5 in step 30. It is the vehicle speed multiplier Kv in step 40. It calculates from the 
map corresponding to the graph shown in drawing 6 . It is the amount Ta of assistance in step 50. It 
calculates as a product of the amount Tab of basic assistance, and the vehicle speed multiplier Kv. It is the 
amount Ta of assistance in step 60. Since it is controlled to become so low that the vehicle speed be high 
while a corresponding control signal is outputted to a motor 22 and the steering assistant force corresponds 
to steering torque by this While light steering in a low vehicle speed region is secured, the good driving 
stability in a high vehicle speed region is secured. 

[0027] On the other hand, if abnormalities arise in actuation of CPU34 of a microcomputer 32, the output of 
a watchdog timer 58 becomes a low signal, two switches 54 and 56 are switched to the second location, and 
while a flow with D/A converter 44 and the drive circuit 46 is intercepted, an integrating circuit 52 will be 
grounded. Therefore, it falls gradually as the command electrical potential difference to the drive circuit 46 
is shown in drawing 7 , and the electrical potential difference of the control current outputted to a motor 22 
by this is also reduced gradually, and, finally power assistance is stopped. 

[0028] Drawing 8 is the block diagram showing the electronic control in the second example of the 
electromotive power- steering equipment by this invention. In addition, the same sign as the sign attached in 
drawing 3 is given to the part corresponding to the part shown in drawing 3 in drawing 8 . 
[0029] In this example, switching equipment 62 is formed between D/A converter 44 and the drive circuit 
46, and the integrating circuit 52 is set as the condition of having always connected with the drive circuit 46 
with the terminal by the side of that capacitor. Switching equipment 62 is a 2 ream switch which controls the 
touch-down of the terminal by the side of the resistor of the flow and integrating circuit 52 of D/A converter 
44 and the drive circuit 46, and consists of two switches 64 and 66 in the example of illustration. 
[0030] A switch 64 switches to the closed position which connects D/A converter 44 and the drive circuit 46 
like illustration, and the open position which intercepts the flow between these, and a switch 66 switches to 
the open position which prevents the touch-down of the terminal by the side of the resistor of an integrating 
circuit 52, and the closed position which grounds this terminal. Closing motion of these switches is 
controlled by the signal from a watchdog timer 58, when the output of a watchdog timer 58 is a high signal, 
switches 64 and 66 are maintained in a closed position and an open position, respectively, and if the signal 
from a watchdog timer turns into a low signal, switches 64 and 66 will be switched to an open position and a 
closed position, respectively. 

[003 1] Therefore, also in the second example, while CPU34 of a microcomputer 32 is operating normally, 
when the output of a watchdog timer 58 is a high signal, a switch 64 is maintained in a closed position, a 
switch 66 is maintained in an open position, D/A converter 44 and the drive circuit 46 are maintained by 
switch-on, and, thereby, necessary power assistant control is performed. 

[0032] On the other hand, if abnormalities arise in actuation of CPU34 of a microcomputer 32, the output of 
a watchdog timer 58 will become a low signal, a switch 64 is switched to an open position, a command 
electrical potential difference [ as opposed to the drive circuit 46 by this ] will be made to fall to a switch 66 
gradually by switching to a closed position, and grounding an integrating circuit 52, while a flow with D/A 
converter 44 and the drive circuit 46 is intercepted, and the electrical potential difference of the control 
current outputted to a motor 22 will be reduced gradually. 

[0033] Although this invention was explained to the detail about the specific example above, probably this 
invention will not be limited to this example and it will be clear for this contractor its for other various 
examples to be possible within the limits of this invention. 

[0034] For example, although the command electrical potential difference to the drive circuit 46 will fall 
gradually by grounding an integrating circuit 52 if the abnormalities of CPU34 of a microcomputer 32 are 
detected by the watchdog timer 58 in each above-mentioned example and abnormalities arise in CPU A 
switch 54, and 56, 64 and 66 may be constituted so that detection of the abnormalities by malfunction 
detection means to also detect the abnormalities of parts other than CPU34 of electromotive power-steering 
equipment may be answered and a change and closing motion may be controlled. 

[0035] Moreover, although the command electrical potential difference to the drive circuit 46 is gradually 
reduced by grounding an integrating circuit 52 in each above-mentioned example only when abnormalities 
arise in a microcomputer CPU 34 As abnormalities other than CPU are indicated by for example, the 
Japanese-Patent- Application-No. No. 123622 [ five to ] specification by the same applicant as an applicant 
for this patent, and the drawing Abnormalities may be detected by data processing by the microcomputer 32, 
and it may be constituted so that malfunction detection may be answered and the command electrical 
potential difference to the motorised circuit by CPU may be reduced gradually. 

[0036] Furthermore, although an electrical-potential-difference gradual decrease means is an integrating 
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circuit 52 in each example of illustration, an electrical-potential-difference gradual decrease circuit may be 
the thing of the configuration of arbitration, as long as the command electrical potential difference to a drive 
circuit can be reduced gradually, when abnormalities arise in a motorised command value arithmetic circuit. 
[0037] 

[Effect of the Invention] By the abnormality's being detected by the malfunction detection means M7, if 
abnormalities occur in power- steering equipment according to this invention so that more clearly than the 
above explanation, and switching a means for switching M8 to the second change-over condition A 
command value arithmetic circuit, a drive circuit, and an electrical-potential-difference gradual decrease 
circuit are intercepted, a ****** circuit and an electrical -potential-difference gradual decrease circuit are 
connected, and electrical-potential-difference gradual decrease of an electrical-potential-difference gradual 
decrease circuit is permitted. Since the drive current which the command value electrical potential 
difference to a drive circuit falls gradually by this, therefore is supplied to a motor Ml from a drive circuit 
also falls gradually It can prevent certainly that reduce the steering assistant force gradually, a required 
control force increases rapidly by this, and the steering nature of a vehicle changes rapidly. 

[Translation done.] 
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r y ^^a^ffimrsc t £§&*>£ ltos. 

[0007] 

*M1 £. *IS©ai«6tt3i§>£:«iaiT5^ 
IE*- # ^fO^T^S C £ K «fc »J &j&feT S'X h ***Jffll-r 

20 i%*m±-rzm-<Dinw&im±. m&m&mmnms&t 

©«bk« zfr-rmr. oomm t (c$j&*> ■sw&f^ 
M8 tzmo. msEm8&m*mimicixm&m— ©w 

[000 8] 

30 [f^fli] Jd2E<3D*n#fl|j5K:j:fttf. ^7-z.r7 >J>? 
^a*lJES-C* Si*(Clt ^#©M 8 te^-cour— O 
ia«tR«*l^b.' Ji^fii^»lHlSSM4iIga6liISSM5 

[0 0 0 9] CftK^L^tf-X-^Ty^^ftCCg 

s* s i^-r s <!: -^(Dm^mn^iii^mM 7 fC i X & 

40 ffl $ ft. *9g^l2M 8 *i-f-<D^Zl©^J^SgCC§Jjfe^ e> 

abusscc^ff •5f§^fitsffA^^®T34i-5„ fie o rig 

[0 0 10] 

50 [SS«r^-r*/c»(D*I5©M£iftW] ^S6^^ -, 7- 



i59o 



^saw «c»«3W* cfcci s nfc 4 * k at* - 
[ooi 1 1 *§m<o— ^xommmtcxtMs mimta io 

[0012] 

[0013] H2«t»!B«C<tSl«iA'W-Xf7 'J 
[0 0 1 4] H2&Ci*T, 10ttXf7';>^*^-^ 

ry>^>t7 b 1 2 fctttB£?$38Mft 1 8tcJ:D^^ 

b 2 o#re«bffl»stvc^s. -rcy-jzr.? h 30 

20tt^-£224, ®m^2S«l 84*-£224 

[0 0 1 5] H55©»*WWfcT«. WJ>^>t 
7 h 1 2CCfjaUKh^^T**feffl"ri f^U*-fe>^2 6 

2 8 fctt#a-fe >^3 0&Cj:9#lffl£ ftfc*it V 
[0016] 03 5ci£ffite^£ftTi>5ia< , *T#KS 40 

r3>fcf A -#3 2«**MS^^ 7 h (CPU) 3 4 

4. y-F*> (rom) 36i x 

*-k*,**ir (RAM) 38i, A&;fr#-f£Sa4 0 
4*«U cn6«^*foltt©^ J t>^^4 2^C<t02 

i^cgii$nrc^ 0 AW:fttf-h^S4 0K:kj:h;i^ 
-fe 2 6 K: «fc 9 IfcHi 3 ft/ci&K b ;u * T ^r^fi-^SL 

tf*il-fe>1f3 0CC<fc9^Hi3n/t*3iV^Tm^ 
A#3tt£J:5K:&oTC>£. Affl;ft*-b£^4 0W: 
*n(CA*3n3fcfB#*iififc«iffll/. ROM3 6tClB 50 



ttSil'Cir>4jWfflI^P^A«:»-^< CPU 3 40Djgin 
CCffil^ CPUMRAM3 8^M33ttfcfi-Sf£Hi:ft 

[0017] ROM 3 BttH4CC^3tift:WIBr^Py^ 

CttLTHS. CPU3 4«a4«:^$tl/c*«ai^a^ 

9J:9tCtt-3?l>ft. AfflM-hSS4 0»CPU3 
4(0ffi*CCfiec^D/A3>^'C-ir4 4aCJfKtt@l84 6 
*«T*-*2 2^fWJ»^*HWJU SfcD/An> 
^-^4 8 &tf fg»@Sg 5 0 £grmS£* 5 * 9- 2 4 ^ 

[0 0 18] D/An>^^-^4 4im&leIB4 6icD 

a^@S§5 2 4 D/A3>^^4 4SD r |gafr[l 
884 6 iCD^a^oOT^U y^-Y 4X^5 6 

-2 44t zmm? zm— 4 % a^imssofisis 

T(r>S. ifc^^y^5 6ttHS©jto< D/A3>^- 
*4 4ilB«WaK4 6 4*S«-S-SJ|l— ©fl[«i, S# 
0S&5 2CD^>7 s >1t{Wc0^cb|ga&lHFB4 6 4£JgiS 

[00 19] Zo©^^-^5 4Rtf5 6<DW&;UiS 
8ttCPU3 4©lftfl^3&SiE»r*S^5^**ifflL. C 

p u ottflaPjEfltr * * 4 * K tt-rN -f «*t* ma 

-f 4M5 6£rffr— <Dtt«K:*B#U CPUOD®) 

-^F-^^^v5 8te-e<2a;Wn-M#<D 
^6 0€£*TU cntCcfcO 



[0 020]^< bTS#@?&5 2«ZlocD^>f -y^5 
4S275 6^m— ©ftSK£>£<t£(2|g»[H8S4 6 KlStf 

^m-O^Jfft«fi§<b, W*ar3>fc-^-*4 3 2 4|g 

wan4 6so*a^iiiss5 2 4*«#; ufiigii&igB4 6 



5 

[0 02 1 ] &CC4CCS*$ftfc:7a-* + - 
J:D$ite3tt£ 0 

[0 022 ] *r^^^^l Ofc»r»*KI6BK50* 

8ti8^?^2 4 ^Mtv#Htt7 s n s c & tc <t 
>u* 2 6 k j: o i&m 3 n/cgg^ h )v 2 TZ^-rm^&v 

[0 023 ] ^fy 73 0^r5iXx^^2 0 tC^T 

^f*^^4 o^r«^r-^^2 otcj^r^jA^^n/c 
<oWt i ccfiei^?- y ^3 o tctexmnztitcm&Ttsx 

hfiTab£*:r*:/40 Kl^T iUff $ tlftMM^K v 
iCDSi lt7^ UTa #Stl£3ft£o 
[£H ] Ta -Tab- Kv 

[0024] xf^T'e o(c»r»^f^5 ok»t 

St3£3*i/cT^:* UTa «C»(Br-5lW8P©#*D/A 
n >rf- Z 4 4 &t>*|gS&[pISS4 6 *Itt- * 2 2 ^ffl 
#3*i4C£{Cj:D, aiKT^^ hAtfTf* UTa 

[0025] ^S4^C7KSn^:^n-^^- KcfcS-rC 

[0 026]*< LTB^©»— ©^Wfc J:ft«. v 
OP3>f a -3?3 2CDCPU 3 4JWE»fc«&ftSL"C 

fs-^T* 0 , ~OCD* >f^f54 Rtf 5 6 te^— 
fc*i}$3*l, D/Arz>^-^4 4<i:IEi6@{^4 6i^ 

ftTTS"* UTa «C*h6-r&W»«#3W*--*2 2^ 

[0 027] Cft&c2*L>W^p:n>fc'^-*3 2<DC 
P U 3 4 ©ttfPK:«fir*S£ D & t % *v*Yv#Z4 50 



C4) ^ggijiT-s 1590 

6 

4 £|gg&lHlSS4 6 iO«ii^«»r3tiSi*fca^|sI88 

5 2^sfl&$n^ 0 fi£oTiga&[iiss4 Q$ctt-?2>m<$n 

[0 02 8] 0 8«*^Bj(c c k'5mS6S^W-^T'T i ; 

M J£T £ §P#te »B 3 &cfi*rtt 3 ft fc«F# £ H— 

[0 0 2 9 ] C<D^WcftT«\ D/An>;>*-#4 

ft* a^@K5 2«^©ri>f ; >ifiliJcD^W:rSB?|g 
*0K4 6 4««Sn&tt«K:BBe3*iT^«. v 
?g£S6 2«D/A3>'-*4 4 iSg3feIoISS4 6 t<0 

20 *^6 4atf6 6 **-C£>£ 0 

[0 03 0] X>f **64&&^©in< D/A3>^- 
*4 4£HSMaK4 8 <fc£8i&TS&1&g<t Cfte><DP5 

5 8(Dffi^^-r«^-Cab^i^CC«X^ 4&tf 

6 6 »* ti*hH«tiKOT»Bti[«ecJH*3 ft, * 9 * 
[0 0 3 i ] W^p3 

>b" A -^?3 20CPU3 4^iE^CCf^Lrt^<!:# 
CO*. -) ^ ^ F >f 75 8 O fflW^N -(IfC* 

^CifCiD^'f^64 #HttWC|i»3ftX A y * 
8 6*Wtt«fc«#3tl. D/A3>;<-jf444M 
@3S4 6<h^iit^gk:ift^3n, CftCt J: 9>?t^O^ 

40 [0 03 2] cntC»lv^>TP3>b^-^3 20C 
PU3 4(DS&{^S^*D^4, *)*v*Yv#Z4 
^5 80Da^j«n-M#CC&0. ^-Y ^^6 4«jgffig 

-f»^66 «K(4H^Sie>n, D/A 
3>;<-*44iB»i«4 6 iO^il^ffiBfSn^ i 
*«ca»a«5 2#«*lfcStl. CftfcJ:DlgttlH]?g4 6 
«c»r**S^«EE3Wlf*iBT*L»6*i, 2 2 *s 

a* 3 n ^ MMWKO «E^»ycffi« 3 ti Z o 
[0033] £i±«C»t:»*«e8*«FSO||*fiWfCoti 



C5) 



159 0 



8 



CO o 3 4 ] Wx.«±aosllife^|{cS$-c(i^'C fan 

> f a. - £ 3 2 ©C P U 3 4 ©g?fr&i 9* j^F^f 

@K 5 2 3 n -5 C i (C J: 0 lEa&affi 4 6 (c*hT 5 

*5 42fctf5 6. 6 4 SCX 6 6 {i^UlSC^' O—ZTT 'J 

> ^§is© c p u 3 4 vmvuftom&Z: fcts&m-r 

$ ft * J: 5 mm s n r t> «t i 
[0 0 35 ] * fci^o&HiswaftTtt. w?pa 

> fcf a. - £ CD C P U 3 4 {C^SAi£ 0 ttMSlCOZtmfr 
SSS5 2*ig«63ft.SC<i:«:J:-3-CjgS&@SS4 6{c*f-r 

■s^mff^^fijiSft-Sck^ic^or^-s*^ cp 
u jmkc ot, > r wren * it^mmmx t m—vtam 

AfC«t-5#MT5 - 1 2 3 6 2 2 #WfffiWSy^®tCtB 

i83ft-rt^SB<. 7-f?a3>t; 3 -»3 2«:J:-2>3i 

3 ft Z J: 5 fiSfiS 3 ft X <b <fc <,» . 

coo36] m&mmcD&mmmtcifc-ctzmBffim^-m. 
<£mmn-®?8icmm&£. c tcm-^icmmmssicM-r zm 

[0037] 

gUJCtftl*. /x- c - ^ f 7 'J > ^rtKIS^^at 
■Si^^^S^a^MTJCto-C^a^ft. ® 

«^®m 8 ©is - (DwmRmbcty&x. *=> ft * c £ tc 

3 ft -&«&0?S i Sffi^iUSS £ 3 ft ttffiifi 

«i3K©^BEafjis* 5 f^3ft> c fttc «t o igaan^KM 
-rsjg^ffiiiffi^iKffiTSft. Sfo riggsnnsscfc o ■=& 

-*M 1 ^•^SftS|glti«jSfeaii^{ST3ftS©t , > 



[02] ^WfCtSmSS^C-^-fTlO^gCD 

at— ©si&fli* ^-r &B&mmm r * £ . 
[03] ^(c^sftfcm^itij^a^-rT/a ^^ss 

[ 0 4 ] 0 2 & # 0 3 jc^ <* titcm*ffi®ms£ *) mm 

io SftS^-TfX hVm^-^^^Trs-tvu-^^- 

[05] h;H'-fe>-9-{ciO^Hi3ft.5^*Sh^i'Ti 

[06] miit:>1f-K:«t»3^tB3ft5*3lVi*ji^ 

[0 7 ] mT-§!iai=ga©v f P 3 > fa - $ ©C P U 

©^ft©— W^r^-r ifv VQibh. 
[08] *^{cJ:Sm96^'7-X5 : -T';>^^a© 
20 Sfr~©jy&^©^ifHjai^H£nrf v ZffiM-C$> 

i o ■■ Zf-T v > # ft J— )\/ 
1 2 - XT-TVlsVis*-? V 
1 4 •• * f-7 ') > d^+sK * * 

1 6 •••'7 ? & — 

2 2 

2 4 — ^Mf? v J- 

2 6- h^-fe^lf 
30 2 8 -Wf-M®$m. 

3 o-*ji-fe>-f- 

3 2 -W ^an^f^-dr 

5 2 -S:9-III8S 
54. 56-X-/»? 
58••• , ^'*v?•K5»5'3'-^v• 

6 0-«$8^>:/ 
64. 



[05] 



[06 ] 



[07] 



* 

T 



Tab 
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Ml 



M3 $IJ^#© 




18 



16 



28 



20 



22 



- «*MMfcK 
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■ 









22-^6- £ 
24-1CfS ? 9 ? 
28— h«'^-fe>t 



[H8 3 



CZHD 



* 7 ^ ^gg 



I 





24 

jL 



28 - N 



.32 



28 



r — 



.J ! 



2 












| tmmm 



50 



D/A 



! 

—I 



I 

48 



38 



I 



■ ^ 

"P^ f RAM 



36 



Iy | ROM j 

^34 



CPU 



7 

46 



52 



V a- x 



✓-64 



42 



D/A 



I -L 



r-o 



I. 
66' 




1 



r 

44 



...J i 



wdtI 

T 



S2~«#0& 



60 



(7) 



- 8 159 0 



[S3] 



28 



•7 4 9 u =t y tf 
.32 




54,56-* -f 7f 

58— ?f K"//Hy 
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